Summary. The genital tract of young female mice was rendered susceptible to colonisation with kij*coplusmu pulmonis by pre-treating them with progesterone (usually 2.5 mg) given subcutaneously at weekly intervals for 4 weeks. Colonisation was influenced by the size of the inoculum and by the dose of progesterone; at least 2-5 x 10'' organisms and at least 0.5 mg of hormone (administered on four occasions) were required. The duration of colonisation was related also to the size of the inoculum and the dose of Progesterone. Similar results were obtained in TO, BALB/c and CBA strains of mice. Progesterone treatment induced the dioestrous stage of the reproductive cycle within 5 days and the cycle of the majority of untreated, mycoplasma-susceptible mice was also at this stage. However, mice, particularly of the CBA strain. were far less susceptible when not given progesterone and the mycoplasmas tended to persist for a shorter time. Mice treated with oestradiol, even in small doses, became completely refractory to infection with M . pulmonis. In ritro, progesterone inhibited the growth of M . puintoni.r. as did oestradiol, but vaginal washings from progesterone-treated mice were no more inhibitory than those from untreated mice. Thus, the success of progesterone in enhancing colonisation could not be attributed to a direct stimulatory effect of the hormone at the mucosal surface and we suggest that it may be due to a greater availability of progesterone-induced receptors for mycoplasmas in the dioestrous phase of the reproductive cycle than in the oestrous phase.
Introduction

M j~o p / m~? u
pirirnonis is a frequent pathogen in the murine respiratory tract, but it infects the genital tract of mice less often.' However, we showed previously that the genital tract of female mice was rendered more susceptible to infection with this mycoplasma after they had been treated with progesterone.' The hormone arrested the rer. oductive cycle in the dioestrous stage, in which \.vaginal smears contain almost exclusively polymorphonuclear leucocytes (PMNL). In contrast, oestradiol induces cessation of the cycle at the oestrous stage which. cytologically, is characterised by enucleated cornified epithelial cells. The latter hormone predisposed mice to genital infection with I'rr~iipkrsntcr r~r~~i r l~~t i c i i n i . '~.
-I and M . Itominis.'* but administration of oestradiol during the course of M . pii1rvrotzi.s infect ion stimulated by progesterone resulted in rapid elimination of the organisms from the genital tract.' I n this study, we have considered in more detail the contrasting effects of progesterone and oestradiol on tho susceptibility of the genital tract of female mice to M . p i h o~t i s . in a n attempt to understand the mechanisms whereby progesterone enhances infection by this mycoplasma.
Materials and methods
Mice
Young adult female mice, 8-10 weeks old, were used. They comprised BALB/c, TO and CBA strains, bred in the Specific Pathogen Free Unit at the Clinical Research Centre and were screened for indigenous mycoplasmas before use. and isolation of M . pulmonis has been described previously.'
Hormone treittrnen
Inoculum and inoculation
The JB strain of M . pulmonis was obtained originally from Dr J. G. Tully (National Institutes of Health, Bethesda, MD, USA) and had been passed in citro a further four times in this laboratory. Each mouse received 50 ,ul of a suspension that contained 2.5 x 10' viable M . pulmonis organisms, except where indicated otherwise; the inoculum was introduced into the vagina by a Finnpipette (Labsystems Og, Pulttitie 8, 00880 Helsinki, Finland) . This procedure coincided with the second inoculation with progesterone or, in some experiments, with oestradiol.
Vuyinal cytoloqy
A nasopharyngeal swab (MW 142 ; Medical Wire and Equipment Co., Corsham, Wilts) was inserted into the mouse vagina, rotated to abraid cells and rolled along a microscope slide. The smear was airdried, fixed in methanol, stained by Giemsa's method and observed microscopically-the stage of the reproductive cycle being determined according to the cytological criteria of Rugh.'
Collection of zwyinal secretions
A 5O-,ul volume of phosphate-buffered saline (PBS) was introduced into the murine vagina with a Finnpipette; it" was recovered, re-introduced and then collected. This procedure was repeated with a second volume of PBS, thereby providing approximately 100-p1 of washing/mouse. The washings from each group of 10 mice (progesterone-treated, oestradiol-treated and untreated) were pooled and centrifuged in a Super Minor bench centrifuge (MSE) at 1000 rpm for 5 min. The supernates from the three groups were passed through 0.45-pm Swinnex (Millipore) filters to remove any bacteria.
Estimation of number of viable mycoplasmas
After collection of the sample for cytological examination, the swab was again inserted into the vagina and its contents were expressed in 1.8 ml of mycoplasma growth medium, which was then regarded as a 1 0-fold dilution. Further 1 0-fold dilutions to lo8 were prepared, and the cultures were incubated at 37°C. They were observed daily for a characteristic change in the colour of the medium from red to yellow and the highest dilution to show this change was deemed to contain one colour-changing unit (ccu) and was recorded as the titre of the isolate. The majority of these isolates were assumed to be M . pulmonis, but a few were actually identified as such by means of the growth-inhibition technique.1° Colonisation of a mouse by M. pulmonis was deemed to have occurred if a substantial number of organisms ( 2 lo4 ccu) was recovered from the vagina at least 7 days after inoculation. Persistence was defined as recovery of organisms for several weeks.
Estimation of the efect of hormones or rayinal washings directly on M . pulmonis
The hormones and vaginal washings were examined by a metabolism-inhibition test." Briefly, serial dilutions of the hormones or washings were made in mycoplasmal medium in microtitration plates, to which an equal volume of medium containing 5 x 10'ccu of M . pulmonis was added. The plates were sealed and incubated at 37°C and observed for the characteristic change in colour of the medium from red to yellow. Mycoplasmal growth-promoting activity of hormones or washings would be denoted by colour changes occurring more rapidly in wells containing these components than in those containing medium only. Conversely, growth inhibition would be denoted by the absence of colour changes in wells containing the hormones or washings, or by such changes occurring less rapidly than in those containing medium only.
Results
Efect of various doses of progesterone on colonisation by M . pulrnonis
The dose of progesterone required to enhance vaginal colonisation by M . pulmonis was determined in BALB/c and TO strains of mice that had received 2.5 x lo7 organisms (table I). A dose of 0.5 mg was the least that resulted in colonisation of and persistence in a majority of the mice of either strain and BALB/c mice appeared slightly more sensitive in this regard than did TO mice.
Efect of various doses of M . pulmonis and of progesterone on colonisation by M . pulmonis
Inocula containing > 2.5 x lo4 ccu of M . pulmonis were the most effective in causing colonisation and persistence in mice that received either 2.5 mg or 1.0 mg of progesterone (table TI). Half of the mice which were not treated with the hormone were colonised when given 2.5 x lo8 organisms but not when given a smaller inoculum. None of the mice in any group was colonised after receiving 2.5 x lo2 organisms (data not shown).
Efect of mouse strain and progesterone treatment on colonisation by M. pulmonis
The susceptibility to colonisation by M . pulmonis of TO, BALB/c and CBA strains of mice after treatment * In each of four doses at weekly intervals. + 2.5 x 10' organisms (ccu) intravaginally.
$ I n a group of nine mice. 
x loh
Number of mice colonised (GMT)/group of 10 on indicated day after inoculation * In each of four doses at weekly intervals. + In a group of nine mice.
$ In a group of eight mice.
with progesterone (2.5 mg doses) was assessed in several experiments (table 111) . Mice of strains TO and BALB/c, whether treated with progesterone or not, were affected similarly; the progesterone-treated mice were susceptible to M . pulmonis at least twice as frequently as the untreated ones and their colonisation persisted longer. The progesterone-treated CBA mice responded in a similar way to the other hormonetreated strains but the untreated CBA mice were the least susceptible of any and colonisation did not persist in any of these mice beyond the first week.
Effect of Progesterone and oestrudiol on susceptibility to M . pulmonis
In a further experiment (table IV), the susceptibility to M . pulmonis of BALB/c mice that had received progesterone (2.5 mg doses) was enhanced, as before, when compared with the susceptibility of mice that did not receive any hormone treatment. In contrast, administration of oestradiol (0.5 mg doses) resulted in fewer mice becoming colonised than in even the untreated mice. Furthermore, smaller numbers of organisms were recovered from the oestradiol-treated than from either of the other two groups of mice. The inhibitory effect of oestradiol was emphasised further by the finding (data not shown) that an even smaller dose (0.05 mg) was inhibitory to vaginal colonisation by M . pulmonis. Thus, none of 10 TO mice so treated became colonised (negative at 7 days), whereas two of 10 untreated mice and all of 10 progesterone-treated mice did so.
Efect of hormones on the stage of the reproductive cycle
As shown in table V, 2 days after the administration of progesterone, the reproductive cycle of five mice had arrested at the dioestrous stage and that of the remaining five mice had reached this stage within 5 days and remained there. However, the effect of oestradiol was much slower. Thus, although seven mice were in the oestrous stage after 2 days, reversion to the pro-oestrous or post-oestrous stages was seen occasionally and complete conversion to the oestrous stage was not seen until almost 1 month. Untreated mice continued to cycle in the expected manner ( In the previous experiments (tables I-IV), some mice that had not been treated with either hormone became colonised with M . pulmonis, the proportion varying a little in different experiments. The stage of the reproductive cycle at which colonisation was most likely to occur was assessed. The results (table VI) showed that mice in the dioestrous stage when they were given the mycoplasma inoculum were about twice as likely to become colonised as mice that were in other stages of the cycle.
Eflect of hormones and vaginal washings on M . pulmonis in vitro
The effect of progesterone and of oestradiol directly on M . pulmonis was determined in a metabolisminhibition test. The effect of vaginal washings from mice treated with these hormones and from untreated mice was determined in the same way. Neither hormone stimulated the growth of M . pulmonis. Indeed, both progesterone and oestradiol at concentrations of 
Discussion
Unlike progesterone. oestradiol does not enhance infection of the murine genital tract by M . pulmonis. Indeed, it has an inhibitory effect on colonisation, even when given in small doses, this being associated with stabilisation of the reproductive cycle in the oestrous stage. The inhibitory effect could be due to competition between M . pulmonis and other bacteria for cell receptors, as it is known that the naturally occurring bacterial flora proliferate within the vagina following the administration of oestradiol." However. overgrowth of the endogenous flora does not impede colonisation by C:. urea!i*ticurng. or N. hominis" in oestradiol-treated mice. Therefore, it seems more likely that the failure of oestradiol to promote colonisation by M . pulmonis would be due to a lack of appropriate host cell receptors for this mycoplasma than to competitive inhibition. In contrast to the effect of oestradiol, progesterone treatment enhances both colonisation and subsequent persistence, the organisms being recovered for long periods. The effect of progesterone is dose dependent, < 0.5 mg being suboptimal or ineffective, and is associated with the reproductive cycle being converted rapidly to and maintained in the dioestrous stage. Support for the important influence of the dioestrous stage comes from the fact that mice that are not treated with hormone are most susceptible to M . pulmonis when their natural cycle is in the dioestrous stage. Generally, persistence of the organisms in untreated mice was of relatively short duration, presumably due to the rapid change to other stages of the cycle that occurs naturally in such mice. We suggest that host receptor cells to which M . pulmonis can adhere become more numerous or more accessible during the dioestrous stage. particularly that induced by treatment with progesterone. If such receptor cells are few or less accessible, as in mice not treated with progesterone or given only a small dose of the hormone, organisms introduced in larger numbers are more likely to make contact with these cells and, hence, initiate colonisation, at least for a limited period.
The stimulatory effect of progesterone treatment is unlikely to be due simply to a direct effect of any hormone present in vaginal tissues or secretions because progesterone, like oestradiol, is inhibitory to the multiplication of M . pulmonis in t-itro. Moreover, vaginal washings from hormone-treated mice had no greater effect on M. pulnzonis in r-itro than did those from untreated mice. These observations are consistent with the proposition that the susceptibility of mice to M . pulmonis induced by progesterone is receptor cell-based and is brought about by the hormone stabilising the reproductive cycle in the dioestrous stage.
The exact anatomical site of putative receptor cells is unknown. Although M . pulmonis organisms were recovered by inserting swabs into the vagina, it is unclear whether vaginal epithelial cells themselves
